The efforts toward truly 3D displays are far from exploiting the full potential of holography. Here, we apply the principle of orthogonality of high dimensional random vectors to obtain unprecedented dense, large volume holograms. Computer generated holograms (CGHs) are highly optimizable tools tailored to control phase and intensity of light over space. The diffraction phenomenon is the prime player that makes CGHs work, described mathematically by Fraunhofer diffraction for high resolution 2D projection (Fourier holograms), and Fresnel diffraction for deep 3D projection (Fresnel holograms). Such control can be directed toward 3D display technology, also known as the holy grail of holography. There have been serious efforts toward improving the 3D holographic control of light, yet such efforts are limited in terms of the number of the projected planes, the depth of field, or the resolution of the total projection [1-2].
Computer generated holograms (CGHs) are highly optimizable tools tailored to control phase and intensity of light over space. The diffraction phenomenon is the prime player that makes CGHs work, described mathematically by Fraunhofer diffraction for high resolution 2D projection (Fourier holograms), and Fresnel diffraction for deep 3D projection (Fresnel holograms). Such control can be directed toward 3D display technology, also known as the holy grail of holography. There have been serious efforts toward improving the 3D holographic control of light, yet such efforts are limited in terms of the number of the projected planes, the depth of field, or the resolution of the total projection [1] [2] .
Here, we break all these limitations simultaneously with two processes: First we combine Fourier and Fresnel holography by the utilization of stacked Fresnel zone plates (FZP). FZPs are added to manipulate the propagation kernel of Fresnel diffraction locally to be flat at specific depths away from the hologram, thus reducing Fresnel diffraction to Fraunhofer diffraction at image planes. That allows the usage of Fourier holography techniques to generate multiplane projections that can be positioned along the optical axis at arbitrary distances decided by the FZPs, the multiplane projection can be assembled to build 3D objects such as the 100-planes Pantheon of Rome (Fig.1A) . Second, we use the property of orthogonality of asymptotically large-dimensional random vectors to reduce the crosstalk between the image planes. That is done by inserting pure phase diffusers at each image plane, rendering the images mutually nearly random and reducing the crosstalk from one to other (Fig.1B) . Each image plane can be regarded as an n-dimensional vector in complex space, where n is the number of pixels of the hologram, typically a large number. Then, the elimination of crosstalk between the image planes is equivalent to demanding these n-vectors to be orthogonal, and here comes the well-known fact that random vectors become asymptotically orthogonal in the limit of n at infinity (Fig.1C) . Such approach is crucial to project back to back images to build up 3D projections with unpreceded density and volume.
We demonstrate 3D Fresnel holograms that project high resolution, multiplane, back-to-back images forming 3D projection with reduced crosstalk. Our demonstrations include the projection of 100 plane of Pantheon (Fig.1A) , and 1000-planes projection of a rotating rectangle, which advances the state-of-art by two orders of magnitude in terms of number of planes (Fig.1D) . We further showcase our holograms capability in experiment by applying our holograms on liquid crystal on silicon spatial light modulator (LCoS SLM). We show the optical reconstruction of unprecedented projection of 11 well-separated back to back images forming the letters of BILKENT UNIV (Fig.1E) . The holograms are universally applicable to all types of static and dynamic phase holographic media, allowing enhancing the technology of 3D projection to such state-of-art media like in metamaterials [3] , and in-silicon holograms [4] . by repeating the operation for multiple images and adding the resulted holograms together in the complex form we obtain a single Fresnel hologram that is able to project full 3D projection. The 3D projection here is compiled from simulation result to form the Pantheon of Rome, composed of 100 planes. (B) The effect of adding diffuser to each source image. (i) When no diffuser is used, unwanted crosstalk will form between plane A and B. In contrast, when diffuser is added to the projected image on plane A, the image will be "diffused" away from the focal plane of the corresponding FZP, significantly reducing the crosstalk. (C) The orthogonality of high dimensional random vectors. We calculate the normalized scalar vector product (NSVP) between two images to be projected of a hologram after adding random phase to each, with the size of these images (n) varying from 10×10 to 4000×4000 pixels. The value of NSVP is decreasing dramatically as the size of the images increases, indicating that the orthogonality between the two images is increasing at the same rate. 
